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ABSTRACT 


Data obtained from UHF Radar observation of dl reel-lightning strikes to the NASA F-106B air- 
plane have indicated that most of the 690 strikes acquired during direct-strike lightning tests 
were triggered by the aircraft. As an aid in understanding the triggered lightning process, a wide 
bandwidth electric field measuring system was designed for the F-106B by implementing a clamped- 
detection signal processing concept originated at the Air Force Cambridge Research Lab in 1953. 
The detection scheme combines the signals from complementary stator pairs clamped to zero volts at 
the exact moment when each stator pair is maximally shielded by the rotor, a process that restores 
the dc level lost by the charge amplifier. The new system was implemented with four shutter-type 
field mills located at strategic points on the airplane. The bandwidth of the new system was 
determined in the laboratory to be from dc to over 100k Hz, whereas past designs had upper limits 
of 10 Hz to 100 Hz. To obtain the undisturbed electric field vector and total aircraft charge, the 
airborne field mill system is calibrated by using techniques involving results from ground and 
flight calibrations of the F-106B, laboratory tests of a metallized model, and a finite-difference 
time-domain electomagnetic computer code. 


Zaepfel - Page 1 


ORIGINAL PAGE IS 
OF POOR QUALITY 


INTRODUCTION 

NASA LANGTRY RESEARCH CENTER has been flying an 
F-106B delta-wing airplane into thunderstorms to 
elicit lightning strikes and record Lhe electromag- 
netic interaction with the aircraft for the purpose 
of defining the threat to aircraft (1)*. Several 
additional experiments were also onboard, including 
four shutter-type field mills for telemetering the 
electric field conditions of thunderstorms to help 
identify active cells. 

For the research flights before 1985, the fre- 
quency range of the electric field measurements on- 
board the F-106B research airplane was limited to 
10 Hz by the rectified, heavily filtered signals 
obtained from the field mills. However, wide 
bandwidth electric field measurements were needed by 
researchers studying aircraft-initiated lightning 
processes which had been observed by a UHF radar 
experiment (2). A new system with faster response 
times was designed and breadboarded , but the devel- 
opment of that design led to the investigation of an 
unusual design which had been invented many years 
ago and which held the promise of an exceptionally 
high frequency response. Both circuit designs, as 
well as a different electric field sensor (the 
mill), were eventually incorporated into the flight 
instrumentation. As can be seen in Fig. I, both 
circuit designs share a common preamplifier, hut use 
two different detection schemes. The first employs 
a synchronous detection scheme used successfully for 
many years by the Physics Department of Mew Mexico 
Institute of Mining and Technology (3), hut modified 
to obtain an update rate of over 200 Hz; while the 
second, in vented by Dr. I,. G. Smith of the Air Force 
Cambridge Research Laboratory and described in 1954, 
uses the principle of the so-called slow antenna for 
obtaining frequencies above 200 Hz and zero-clamping 
for restoring the low-f requency components of the 
electric field (4). The reference states an upper 
frequency of 22k Hz. The New Mexico Institute of 
Mining and Technology design was faithfully copied, 
hut Dr. Smith's design was converted to solid state 
technology from Lhe original design employing vacuum 
tti bes. 

FIELD MILL SYSTEM DESCRIPTION 

A field mill system consists of a sensor, a 

charge amplifier, and a signal detector. The 

sensor, also referred to as a field mill, consists 
of several stationary charge collecting plates, 
referred to as stators, a grounded, rotating 
shutter, known as the rotor, that shields l lie 
stators from, and exposes them to, the electric 
field which exists at that location, and a motor to 
drive the rotor. The sensor is installed in the 
airplane so that the stators are parallel with the 
skin of the airplane and the rotor is flush with the 

outside surface of Lhe airplane. Locations of the 

four sensors on the airplane are shown in Fig. 2. 
The varying exposure of the stators to the field 
causes fields of all frequencies to be modulated, 
including constant fields, with an apparent modu- 
lating signal whose peak values are l and 0. These 
conditions are illustrated in Figs. 3 and 4 with 
simulated stator fields for data frequencies below 
and above the modulating frequency, respectively. 
Commonly used dectection schemes recover only 


* Numbers in parentheses designate references at end 

of paper. 


frequencies from dc to 10 Hz and filter out the 
rest. A following section describes a detection 
scheme that preserves all frequencies up to the 

cutoff of the electronics. 

For greater noise immunity, the charge 
amplifier is preferably located close to the sensor 
and is, for this design, placed inside a small pre- 
amplifier package along with a gain amplifier. The 
signal detectors are in a larger enclosure. The aft 
field mill installation is shown in Figs. 5 and 6. 
An AC-to-DC converting power supply for the motor is 
also shown in Fig. 6. 

ELECTRIC FIELD SENSOR 

An electric field sensor is shown in Fig. 7. 

The moving parts of the sensor are driven by a dc 
motor which contains a shaft extending out both 

ends. The rotor is mounted to one end of the motor 

shaft and the sync signal shutter, to the other. 
The rotor is grounded through sliprings on the motor 
shaft by brushes in the sensor case. The electric 
field sensor is mounted to the aircraft so that the 
grounded rotor is approximately flush with the skin, 
and Lhe rotor end faces outward. The four sLator 
segments are l cm below the rotor and insulated from 

the grounded field mill case by a 1.5 cm thick Kel-F 

(chlorotrif luoroethylene) slab, a material that has 
negligible piezo-electric and moisture absorbing 
properties. The rotor and stators are machined from 
nonmagnetic stainless steel to minimize effects due 

to surface charge and contact potential (5). The 

total geometric stator area is .0035 m^ of which 
about half remains uncovered by the two-bladed rotor 
at any one time. Charge variations (the modulated 
electric field) are conducted to the charge ampli- 
fiers inside the preamplifier package through RG174 
cable from threaded rods fastened into the back of 
the stator plates. RG174 contains non-piezoelectric 
(polyethylene) dielectric. However, these cables 
were still somewhat noise-generating, and will be 
replaced this season by low-noise cables of a type 
that, in bench tests, produced only half the vibra- 
tion induced noise of the RG174. 

The optical switches are mounted to the shutter 
cover, which is adjustable for aligning the phase 
between sync pulse and signal peak (or zero). The 
switch is a commercially made unit that contains an 
infrared photodiode opposite a gap from a phototran- 
sistor. Whenever the passage of a shutter blade 
interrupts the beam, the transistor is switched off. 

CLAMPED DETECTION 

This method of demodulation is capable of 
passing frequencies from dc to the limits imposed by 
the parasitic capacitance in the circuits. The 
method takes advantage of the exposed stator area 
acting as a so-called slow antenna. Consequently, 
the signals leaving the charge amplifiers contain 
information covering the bandpass of the charge 
amplifiers. 

When Dr. L. G. Smith developed his detection 
circuitry, he also developed a field mill design 
that minimized fringing by having the rotor in close 
proximity to the stators, thereby producing tri- 
angular-wave modulation. The changing charge (q) on 
the stators as they were alternately being exposed 
to, and shielded from, the E-field was linearly 
related to the exposed stator area (A) by q * e Q AE. 
The two signals complemented each other because as 
one signal decreased, the other increased at the 
same rate. The triangular wave was composed of the 
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dc and the ac components which increased and de- 
creased in amplitude at the same time. By adding 
the two waves, the signals were restored to full 
amplitude. 

Because close rotor-stator spacing causes 
water-shorting during thunderstorm penetrations, a 
wide spacing of approximately I cm was selected for 
the F-lUhH design* The resulting fringing produces 
sinusoidal modulation instead of the previously 
described triangular wave modulation, and sinusoidal 
modulation is used in the following explanation of 
this detection method. 

If the field impinging on the stators of the 
field mill could be measured directly, it would look 
like a sinusoid with a frequency of twice the rolor 
revolution per second and peaks bounded between zero 
(stator covered by rotor) and instantaneous field 
strengLh (stator uncovered by rotor). Examples of 
simulated stator signals are shown in Figs. 8(a) and 
8(b). These signals can be described mathematically 
by 

1/2(1 + sin <D c t)E(t) (1) 

and, because the other stator is modulated with a 
180-degree phase delay, the other signal can be 
described by 

MU l - sin w ( .t)t:(l) (2) 

for a two— s tutor pair geometry such as this one. 
The field strength, E(l), could be recovered com- 
pletely if the two outputs could ho added. However, 
the charge amplifier in each channel requires a 
bleed-off resistor that blocks any dc components; in 
effect, the 1 / 2 K ( t ) component In both of the above 
equations is lost. This component can be periodi- 
cally restored by introducing a circuit LhaL clamps 
the signal lo zero volts each time Lhe staLor is 
maximally covered by Lhe rotor. Fig. 9 is a block 
diagram of a detection technique that does just 
that, and Fig. 1U shows the following sLeps in the 
processing of a signal containing both a dc and an 

ac component : 

(a) The signals at the detector inpuls without 
any dc component; 

(b) Lhe clamping pulses synchronized to the 

rotor position; 

(c) Lhe data signals after zero-clamping; 

(d) Lhe restored signal with both dc and ac 
components. 

Fig. 11 is a simplified schematic of the 

detecLor without the charge amplifier. The outputs 
from the preamplifier, which contains the charge 
amplifiers, are ae-cmipled through Cl and C2 to the 
CMOS clamping, swi tidies. Whenever lhe stator is com- 

pletely shielded by Lhe rotor, the appropriate 
switch closes, thereby moment, ar i 1 v forcing the 
signal to ground. Resistors K1 and K2, Logelher 
with Cl and C2 provide a long, time constant, which 
maintains the offset, until the next switch closure. 
Voltage* followers Al and A 2 provide the high 
Impedance isolation from the summing slage at opera- 
tional amplifier A I. Limited gain adjustment is 
provided by Ri and R4 to ensure that Lhe two signals 
are truly complementary. Output resistor R3 pro- 
vides A3 with cable Isolation to prevent spurious 
oscillation. Nevertheless, a buffer amplifier (not 
shown) was required at this output, as well as at 
the other outputs, to drive the long cable runs to 
the data recording system. Tig* 12 shows the 
detector output for each of the simulated inputs of 
Fig. 8. 


SYNCHRONOUS DETECTION 

The electrical signals derived from the modu- 
lated electric field are sampled separately at all 
positive and negative peaks, and held until the next 
sample is obtained, as shown in Fig. 13. The Liming 
of Lhe sampling Is controlled by synchronizer 
signals derived from optical switches that sense a 
chopper wheel driven by the same motor that turns 
the rotor. Phasing is such that, when a stator pair 
is fully exposed or fully covered, a sync pulse is 
generated which samples Lhe signal at positive and 
negative peaks. A peak value of one polarity is 
sampled and held, replacing Lhe old peak being held 
in the sample-and-hold (S & H) circuit, and differ- 
enced with the peak values (obtained 180 electrical 
degrees earlier) being held in the S & H circuit 
assigned to the opposite polarity. Peak-to-peak 
values are obtained in this manner for both stator 

pairs, and these values are added to obtain the 
detector output. This occurs twice per motor 

revolution for each stator pair. The summed output 
is unfiltered to assure "immediate" response of the 
system to field changes* 

A more detailed diagram is shown in Fig. 14. 
CMOS switches S3 and S4, controlled by the sync 
signals derived from the rotor-coupled optical 
switches, alternately sample the modulated signal 
from one of the stator pairs at positive and nega- 
tive peaks at the same time that SS and S6 sample 
the other stator pair at negative and positive 
peaks. Capacitors C3 through C6 hold the sampled 
values between switch closures. A guard ring around 
each hold line is driven by the line’s signal to 
minimize leakage from Lhe holding capacitor. 
Voltage followers A4 through A7 provide this drive 
as well as isolation of the capacitors from the 
following stages. The peak-to-peak value of each 
stalor signal is derived by A8 and A9, and Lhe sum 

of Lhese two values is obtained by A10. 

THE SYNCHRONIZER PULSE 

Two pulse trains time the operation of both 
detection circuits. They are in synchronism with 
the rotor and each consists of two equally-spaced 
pulses per rotor revolution. The two pulses in the 
second pulse train are displaced from the first by 
1/4 revolution. The synchronous detection circuit 
uses both pulse trains to sample the stator signals 
when each stator pair is completely uncovered and 
again when the pair is completely covered for a 
sample at each peak. The clamped detection circuit 
uses both pulse trains to clamp the signals to 

ground only when each stator pair is completely 
covered. The pulse signal labeled CLAMP A is 

identical to SYNC B, and vice versa. 

The two pulse trains are generated by several 
circuits shown in Fig. I 1 ) that shape signals which 
origlnale in two inter rupter-Lype optical switches 
mounted radially on Lhe field mill body 90 degrees 
apart. • A mechanical chopper, which consists of two 
lobes and Is fastened to lhe motor shaft, triggers 
each switch twice per revolution. The biasing 
networks on the photot ranslstors in the optical 
switches and circuits All through A14 are designed 
to generate square-waves with fast rise and fall 
times. The outputs of Lhe optical switches are 
isolated from the square-wave generators, A13 and 
Al 4 , by voltage followers. All and A12. Unipolar, 
TTL-compatlble waveforms, from which one-shots Ml 
and M2 generate the sync pulses, are created by Dl, 
D2, and R6 through R9. 
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OUTPUT KILTER 

The output, from the synchronous demodu 1 .it i on 
circuit Is stepwise responsive. In order to have 
the capability of presenting a more conventionally 
appearing signal, although of slower response, a 
10-Hz, fourth-order, low-pass active filter was 
included in the system. If the field mill system 
can be made sufficiently noise-immune for fair- 
weather field measurements , this filter will be used 
at 10 Hz or 1 Hz cutoff (Fig. 16) to further quiet 
the signals during calibration flights (6). 

FREQUENCY RESPONSE 

Two independent circuits were designed to 
detect the field information contained in the pre- 
amplifier outputs. They have been described in 
detail, above. No frequency response curves were 
obtained for the synchronous delect ion circuit, 
although, if filtered, about 20 lb* to 'JO dz could be 
attained. Unfiltered as it is, update rates are 
about 230 samples per second. However, data fre- 
quencies above that rate are aliased and incorrectly 
represented as lower frequencies. 

Obtaining the frequency response characteris- 
tics in the laboratory was difficult because an 
alternating field large enough to overcome the noise 
floor of the electronics and of the lab environment 
was unavailable. An estimate of the frequency re- 
sponse characte rist ics was obtained for the clamped 
detection technique by three methods: simulated 

sensor signal, and actual sinusoidal fields applied 
to a sensor with rotating and non-rotating rotor. 

Large signals were simulated by a circuit which 
produced the signal described by equations l and 2 
above. This simulator is capable of generating 
signals that represent constant fieLds, alternating 
fields, or a combination of the two. It is des- 

cribed in a later section. To obtain actual sinu- 
soidal fields, .imp! if led sinusoidal signals were 
applied to a flat plate mounted 3 mm from the rotor, 
and the gain of t lie field mill electronics was 
Increased Lo compensate for the low signal levels. 

The results of these calibrations are plotted 
in Fig. 17 and show a bandwidth of over look Hz. 
While the characteristics resulting from the* simu- 
lated inputs are flat down to dr as expected, those 
for the case with a running, rotor art* 2 dH down 
below 100 Hz. At this time no explanation is avail- 
able for this phenomenon. Of additional interest is 
the case of the stationary rotor. It demonstrates 
the field mill system’s ability Lo function as a 
slow antenna as indicated previously. 

CALIBRATION 

Two electric field regions of interest on, or 
about, the research aircraft are the local fields at 
the sensor locations and the amhienL fields far 
enough from the aircraft to be undisturbed by it. 
The local fields are expected Lo be different from 
the ambient fields because the aircraft carries 
charge and its shape distorts the ambient field in 
amplitude and direction by amounts defined by a 
matrix of enhancement coefficients (form factors). 
Therefore, each region requires a different calibra- 
tion procedure. Local fields will be calibrated in- 
place on the airplane by applying a known field with 
a high-voltage pLale mounted parallel to the face of 
each sensor. . This procedure also serves as a pre- 
f light check of the systems. 


The enhancement coefficients a u ( the form 
factors) of the set of simultaneous equations are 
shown below in terms of ambient fields, F, aircrafL 
charge, Q, and local fields, E. The F-coordinate 
system is that of the aircraft (Fig. 2): x is nose 

to tail; y is right to left wing tips; z is top to 
bottom. Field mill locations (Fig. 2) are desig- 
nated by local fields, E A , Ej , E R , E f located aft, 
left, right, and forward, respectively, on the air- 
plane. 

E A ■ a U F x + a 12 F y + a 13 F z + a 14^ 

E L “ a 21 F x + a 22 F y + a 23 F z + a 24^ 

(3) 

e R “ a 31 F x + a 32 F y + a 33 F z + a 34^ 

K F * a 4 1 F x + a 42 F y + a 43 F z + 

To reduce the number of unknowns and calibration 
flight attitudes, we take advantage of aircraft 
symmetries at the Y-field mill locations. Fields 
that impinge on the face of sensors E^ and E R in the 
same direction have coefficients of the same sign 

(*21* a 3l for F x ; a 23 > a 33 for F z> a 24» a 34 for 

Q). Fields that impinge on E^ and E R in opposite 
directions have coefficients of opposite sign (&22* 
a ^2 for Fy)* The field, F y , has no net effect on 
because E p is located on the aircraft centerline: 
as many field lines enter as leave the surface 
( a 42 “ 0 for Fy). Applying these conditions, the 
coefficients can be redefined as follows: 

a 21 “ a 3l * a 2 
a 22 ” -a 32 = b 2 
a 23 = a 33 = c 2 
a 24 = a 34 = d 2 
a 42 ’ 0 


When these and other redefined coefficients are sub- 
stituted into the above equations, Lhe following 
enhancement coefficient malrlx can be written: 


a l 

b i 

c l 

d i 

a 2 

b 2 

c 2 

d 2 

(4) 

a 2 

-h 2 

c 2 

d 2 

a 3 


c 3 

d 3 

On the one hand, the immediate consequence of this 
symmetry is that, if Left and right field mill 
outputs are subtracted, their difference is propor- 
tional purely to F . On the other hand, their sum 

is a function not 

only of 

Q, but 

also of F x and F z « 


To obtain the enhancement coefficient matrix, 
Lhree independent calibration schemes are being con- 
sidered. Although a direct calibration of the air- 
plane is preferred, the results of all Lhree will 
establish the degree of confidence (and perhaps, of 
error) that can be placed on the resulting calibra- 
tion. They are inflight calibration, scale model 
calibration, and computer model calibration. 
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IN-FLIGHT CALIBRATION — Because the data system 
is not accessible during flight, the field mill 
electronics are preset, and data from each field 
mill channel is recorded individually. The airplane 
Is flown in a vertical ambient field at various 
attitudes at a safe altitude so that it receives 
inputs from other directions that cause field 
vectors lo go to zero or to cancel each other. It 
is also flown level In a vertical field of known 
magnitude provided by a reference field mill located 
on the ground or borne aloft by a tethered balloon, 
thereby producing data that calibrates the 
z-directed fteLd (with respect to the aircraft 
axis). From this data, a systematic selection of 
data for specific airplane atLltudes which force 
undesired ambient field components In the above 
equations to zero, allows an in-house developed 
computer program to calculate the enhancement coef- 
ficients. This program Is equivalent to a process 
described in detail by Kasemlr (7) for an airborne 
analog computer which contains adders and subtract- 
ers with weighting factors, P, which had to be 
adjusted during appropriate maneuvers in flight. A 
block diagram equivalent of the program to be used 
for the F-106B airplane is shown in Fig. 18. Each 
weighting factor can he calculated because equations 
derived from the enhancement coefficient matrix 
(equation 4) are greatly simplified by the appropri- 
ate airplane attitudes. Because each field mi LI 
output is a function of the three ambient field com- 
ponents and total aircraft charge (F^, F y , F^, Q) as 
described by equation 1, the program has to Isolate 
the. variables, F's and <), and then scale them from 
Lhe recording system to the reference vertical 
field. In Fig. 18 each adder-subtracter output, U, 
represents a step In Lhis isolation process. The 
outputs III, U3, and U4 are no Longer functions of 
one or more of these variables, and each of the 
outputs U6, U7, and U8 is no longer a function of 

any hut Lhe desired, unsealed variable. Weighting 
factors P 1 0 through P 1 3 provide the proper engineer- 
ing-units scaling. The program was checked by cal- 
culating the local fields during a simulated cali- 
bration flight. A vertical ambient field was 
assumed, and the local fields were derived using 
enhancement coefficients obtained by Electromagnetic 
Applications (EMA), Inc., of Denver, Colorado from 
their finite-difference 3-D computer model of Lhe 
F-106B. These local fields were then substituted 
into the in-house computer program to derive en- 
hancement coefficients, which reproduced EMA’s coef- 
ficients exactly. The values of the P’s are listed 
in Table l. However, because most of the P’s are 
calculated by vising P's that have been calculated 
during previous steps, an initial measurement error 
incurred in a real situation may ho cumulative. 
Another major drawback Lo Lhis calibration method is 
that the charge distribution coefficients, d, cannot 
be obtained; although Lhe effects of charge on the 
ambient field components can be eliminated, and a 
data channel that is proportional only to charge can 
be derived, no absolute calibration can he obtained. 
In 1 1 eu of feasible direct methods Lo obtain Lhe d 
coefficients through in-fllghi tesls, several alter- 
nate methods are being pursued. 

MODEL CALIBRATIONS— These efforts will deter- 
mine the d's through comparison of results from 
scale model laboratory tests, from fulL-scale ground 
tests over a uniform ground pLane with analytical 
removal of ground plane effects, and from purely 
analytical calculation of the d's. The scale model 
tests to be performed by EMA, Inc., involve the high 
voltage charging of a metalized F-106 scale model 
and measuring the charge at the field mill 


locations. This technique will also be used to 
determine the other field enhancement coefficients 
by immersing the scale modeL in a uniform electric 
field in three orthogonal orientations. The full- 
scale ground tests involve charging the aircraft 
white it is parked on a uniform melal wire grid 
ground plane, determining charge from voltage and 
capacitance of the aircraft, and concurrently 
recording Lhe field mill outputs. Ground plane 
effects will subsequently be removed analytically 
using the 3-D computer code. Results from the above 
laboratory, full scale, and analytical approaches 
will be combined to arrive aL a best estimate of the 
d coefficients. 

FLIGHT DATA 

Although the field mllL data system was onboard 
the F-106B for the duration of the 1985 thunderstorm 
season, circumstances never permitted it to be cali- 
brated for ambient fields. Hence, the data that are 
shown are from field mill outputs at, or about, the 
time of reported strikes. Fig. 19 shows the output 
of the right field mill for three examples of light- 
ning attachments to the airplane. For each example, 
the top trace is the output from the zero-clamped 
detector recorded on an FM data channel with a fre- 
quency response of 0 Hz to 10000 Hz and a modulation 
index of 2.2. The bottom trace is the output from 
the synchronous detector recorded on an FM channel 
with a response of 0 Hz to 250 Hz and a modulation 
index of 4. Before and after the sirikes, all three 
examples show a much better definition of the elec- 
tric field structure In time and amplitude for data 
from the zero-clamped detector than from the 
synchronous detector. 

At times, however, data is highly suspect, 
probably degraded by Lhe thunderstorm environment. 
Causes are still speculative but two possibilities 
may be that the stators are at times shorted by rain 
or shielded by corona or that the charge amplifier 
is driven into saturation by nearby lightning. Por- 
tions of Fig. 19(b) and 19(c) show unrealistic be- 
havior during and for some time after a strike. 
Either saturation of the charge amplifier because of 
an extremely large concentration of charge at the 
field mill sensor or attenuation of the signal due 
to corona or rain are possible causes. The appear- 
ances of fairly pure sinusoidal signals of approxi- 
mately 200 Hz in the zero-clamped detector output of 
Fig. 19(b) and (c) indicate that one input to the 
summing circuit recovers slightly faster than the 
other. 

SIMULATOR 

A field mill simulator was designed and buiLt 
Lo generate a signal large enough to permit obtain- 
ing frequency response characterise les of the elec- 
tronic portion of the field mill system. The device 
uses the inputs from a Vow-frequency signal genera- 
tor with a dc offset fealure for data Inputs, fp(t) v 
and a variable-phase function generator for Lhe 
rotor modulation and Lhe sync signal inputs. Two 
multipliers with differential inputs and adders con- 
figured as shown in Fig. 20 provide the desired 

functions of equations l and 2, with f ^ C L ) simu- 

lating E(t). The differential inputs permit the 
modulation function, sin w c t, to be inverted to 

produce the required minus sign. A square wave 

output from the variable-phase generator that Is the 
same frequency as the rotor modulation provides the 
sync signal normally produced by the photo-optical 
switches mounted in the field mill sensor. 
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SUMMARY 

An airborne electric field measurement system 
which combines frequency characteristics of a 
shutter-type field miLL system and a flat-plate 
dipole (slow antenna) system has been developed and 
demonstrated during thunderstorm penetrations on the 
F-106B research airplane. A comparison of simul- 
taneous flighL data records obtained from the zero- 
clamped detector and from the more conventional 
synchronous detector showed the superior temporal 
resolution of the former system while preserving the 
low frequencies of the latter. 

The data also showed shortcomings of making 
ambient field measurements in thunderstorms, 
including momentary signal losses or distortions. 
Fortunately, most problem areas In the data are 
easily recognizable , and data thus affected should 
be ignored. 

Although a system calibration was never 
achieved, several procedures have been developed and 
will be performed during the 1986 season. 


Table L - Values of Weighting factors, P, 
for 3-D Code Model of F-106B 


PI 

5.948 

P2 

26.9b 

P3 

1.837 

P4 

1.290 

P5 

.05137 

P6 

.04220 

P7 

0.5137 

P8 

.01036 

P9 

15.37 

P10 

7.945 

PI 1 

.3425 

P12 

.01789 

PI 3 

.001812 
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Fig. 1 - F-106B field mill system block diagram 
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Modulation frequency: 200Hz Modulation frequency: 200H? 

Sawtooth repetition: 30 Hz Field frequency: 3kHz 

Fig. 8 - Examples of stator signals (simulated) 

(a) - Sawtooth field with constant offset 

(b) - SlmiMold.il Mold wllh constant ol I sol 



Fig. I l - Clamped detector circuit diagram 
(. s t nip lifted) 
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Vertical scale: 0. 5 V/div. Vertical scale: 0.5 V/div 

Horizontal scale: 5ms/div Horizontal scale: lms/div 


Fig. 9 - Clamped detection block diagram 


Fig. 12 - Clamped detector outputs resulting from 
impuLs of Fig. 8 


Data: » 200 Hz ac plus dc offset 
Modulation: 200Hz 
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(b) Clamping sync pulses 
Time — ► 


(d) After summation 
Time — ► 
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Fig. 10 - Clamped detection 


Fig. 13 - Synchronous detection block diagram 
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Fig. 14 - Synchronous detector circuit diagram 
(simplified) 
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Fig. 15 - Synchronizer pulse generator circuit 
diagram (simplified) 



Fig. 18 - Block diagram representation 





Fig. 16 - 1-Hz, 4th order, low-pass filter 
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A Rotor stationary 
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